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Quantitative Computed
Tomography Analysis of
Emphysema and Lung
Cancer Risk
To the Editor:
I commend Wilson et al.1 for ad-
vancing our understanding of the rela-
tionship between emphysema detected
on computed tomography (CT) and lung
cancer risk. The application of visual
and automated techniques to the same
dataset provides a “head-to-head” com-
parison of emphysema detection strate-
gies. The remarkable overlap of lung
fraction 910 Hounsfield units
among subjects with no, trace, and mild
emphysema defined visually helps to ex-
plain the seemingly discordant observa-
tions by others with respect to lung can-
cer risk.2,3 However, the work by
Wilson et al. also highlights our limited
understanding of how pathologic em-
physema manifests radiographically.
What is being detected visually on CT
that is not being captured by automated
methods?
As mentioned in the Discussion
section, there is potential for bias
when a lesion suggestive of carcinoma
is observed during visual assessment
of emphysema. I am curious whether
strategies to overcome this limitation
were explored by the authors. For ex-
ample, analysis of the subset of sub-
jects with abnormalities requiring di-
agnostic procedure or the subset of
subjects who had normal baseline
scans would eliminate assessor bias.
Sample size may have been a limiting
factor. Alternatively, both automated
and visual strategies could be applied
to a hemithorax of each subject. The
hemithorax studied would be con-
tralateral to the tumor among cases and
either randomly chosen or matched for
controls.
Another difference between visual
and automated techniques may be the
ability to detect clinically meaningful
low attenuation area (LAA) clusters.
Automated techniques may be too sen-
sitive as suggested by the median 0.33
lung fraction 910 Hounsfield units
observed by Wilson et al. among sub-
jects with no emphysema. Visual asses-
sors may only appreciate LAA clusters
that meet a minimum size threshold.
While Wilson et al. attempted to ac-
count for this using a connectivity
constraint, I am curious whether an
alternative strategy looking at cumula-
tive size distribution of LAA clusters
(exponent D) was explored.4 This pa-
rameter may better capture radio-
graphic manifestations of emphysema
that are clinically meaningful.
In summary, Wilson et al. have
refined our understanding of lung cancer
risk and highlighted areas of uncertainty
with respect to radiographic manifesta-
tions of emphysema. Further research is
required to determine why compara-
tively subjective visual strategies man-
age to distinguish clinically meaningful
emphysema in comparison to automated
techniques.
Benjamin M. Smith, MD
Department of Pulmonary Medicine
McGill University
Montreal, Canada
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In Response:
We appreciate Dr. Smith’s inter-
est in our recently published Journal
of Thoracic Oncology article (July
2011) on emphysema and lung cancer
risk. We are in agreement about the
potential observer bias during visual
interpretation of scans. We are also in
agreement about the need for further
study of both visual assessment and
automated quantitative analysis of
computed tomography (CT) scans. It is
difficult for a computer algorithm to
completely capture image interpreta-
tion by a radiologist, particularly using
the simple threshold technique to as-
sess emphysema commonly referred to
as the “density mask” approach.1 We
are familiar with and have previously
investigated the application of the
fractal dimension technique to quan-
tify the pattern of low attenuation ar-
eas (LAAs) based on the relationship
between the size and number of LAA
clusters depicted on CT image known
as power law exponent (PLE).2,3 Al-
though the PLE approach quantifies a
particular pattern present in the CT
images, to our knowledge, it has not
been established that this approach can
better discriminate subjects as nega-
tive or positive for emphysema com-
pared with the density mask. The PLE
approach also relies on a single
Hounsfield unit–value threshold to de-
fine LAA. The limitations of using
“low-dose” lung cancer screening CT
examinations to quantify the presence
(or absence) of emphysema as dis-
cussed in our article would also com-
promise the performance of the PLE
approach. Nevertheless, we further an-
alyzed our data using the PLE ap-
proach and confirmed that it did not
discriminate the controls and lung can-
cer cases (Figure 1).
The observation that there is an
association between lung cancer and
subjective visual assessment of chronic
obstructive pulmonary disease and not be-
tween objective quantitative measures
supports other findings in the literature.
Our group has observed that visually
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assessed emphysema was a stronger pre-
dictor of bone mineral density compared
with objective quantitative measures.4 In
a genome-wide association study, sub-
jective emphysema assessment was
more strongly associated with BICD1
polymorphism compared with quantita-
tive assessment.5
It is unlikely that the density mask
or PLE approach can capture the intri-
cacies of a radiologist’s visual interpre-
tation, whether biased or unbiased. In
our specific investigation, the visual ob-
server should be better able to interpret the
images in the presence of increased image
noise and other factors compared with a
quantitative approach based on a fixed
threshold.
David O. Wilson, MD
Joseph K. Leader, PhD
Joel Weissfeld, MD
University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania
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FIGURE 1. Power law exponent for the lung cancer cases (n  116) and controls (n 
117). The difference between the two groups was not significant (p value  0.54).
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